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Japanese Laid-Open Patent Application Hei 4 -41656 
Specification 

1 . Title of the Invention; 

POLISHING METHOD FOR MIRROR PLANE OF TITANIUM MATERIAL 

2. Scope of Claims: 
Claim 1. 

A polishing method for a mirror plane of a titanium material, win this instance, heating is 
performed on the titanium material, and finish polishing is performed on the titanium 
material, the surface of which is finished to a mirror plane. 

Claim 2. 

The polishing method for the mirror plane of the titanium material according to Claim 1 , 
wherein the maximum surface roughness Rmax of the titanium material prior to heating is 
0.5 um or less. 

Claim 3. 

The polishing method for the mirror plane of the titanium material according to Claim 1 or 
Claim 2 wherein heating is performed under conditions of 300 °C or higher and 800 °C or 
lower for 1 0 minutes or longer. 
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Claim 4. 

The polishing method for a mirror plane of a titanium material according to any of Claims 1 
through 3 win this instance, the period finish polishing is 5 minutes or longer. 

Claim 5. 

The polishing method for a mirror plane of a titanium material according to Claim 1 or 
Claim 2 win this instance, the atmosphere for the heating is high vacuum at 10" 3 Torr or 
less, or an inert gas atmosphere. 

Claim 6. 

The polishing method for the mirror plane of the titanium material according to Claim 5 
wherein heating is performed under the conditions of 300 °C or higher for 10 minutes or 
longer. 

Claim 7. 

The polishing method for the mirror plane of the titanium material according to Claim 5 or 
Claim 6 wherein the period for finish polishing is 3 minutes or longer. 
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3. Detailed Explanation of the Invention: 
[Industrial Field of Use] 

The present invention relates to a polishing method for a mirror plane of a titanium material 
used for precision instruments and daily articles. 

[Prior Art and Problems Overcome by the Invention] 

Pure titanium and titanium alloy (hereafter referred to as 'titanium material') are light and 
high in strength, and their corrosion resistance is superior. They are used for various 
purposes, extending from structural materials for space aeronautics and chemical industrial 
materials to commercial-off-the shelf products, such as frames for eyeglasses, watches, and 
accessories. Although the titanium material has superior characteristics, the demand has 
not greatly expanded as with iron & steel, aluminum and copper under the present 
conditions. This is caused by a difficult processing in addition to another problem, where 
the titanium material is expensive. 

One of the difficult processing methods is mirror plane processing, and in the case of the 
titanium material, a mirror plane cannot be obtained only by a mechanical polishing (for 
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example, lathe processing or abrasive grain polishing), typically used with other metal 
materials. 

Consequently, where the titanium material is polished to be a mirror plane, conventionally, 
electrolysis abrasive grain polishing is performed, in a combination of mechanical abrasive 
grain polishing and electrolysis polishing. For example, in Japanese Laid-Open Patent 
Application Sho 60 - 217018, a polishing method for a mirror plane is proposed in which a 
titanium material and a polishing tool are antithetical to each other and the surface of the 
titanium material is oxidized by an electrolysis effect using electrolysis and including a 
surfactant. At the same time, the electrode tool is rotated and the surface fretted by the 
abrasive grains. 

Further, for a material that is difficult to process, such as the titanium material, mechano- 
chemical polishing performed while chemicals are aggressively added for the purpose of 
improving the subject surface, which is suitable for grinding and polishing, is also effective. 

However, the titanium material is an active metal, so even though a mirror plane can be 
obtained, there is the problem such that an aging effect easily occurs and the surface 
properties of the obtained mirror plane may become gradually deteriorated. For example, 
Fig. 3 (a) and (b) are differential interference microscopic pictures that show the surface of 
the titanium material immediately after finish polishing and after the passage of 48 hours 
after the finish polishing, respectively. These show that the surface becomes rougher as 
time passes after the finish polishing. 
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The present invention has been achieved in consideration of the related circumstances, and 
their objective is to provide a polishing method for a mirror plane of a titanium material 
where mirror plane processing can be performed without any associated difficulty, and 
where the deterioration of the surface properties due to the aging effect after polishing the 
mirror plane can be prevented. 

[Problem Resolution Means and Operation] 

As a result of the repetition of studies about the cause of the deterioration on the surface 
properties due to the aging effect after polishing the mirror plane of the titanium material, 
the inventors for the present application discovered that, because titanium is an active metal, 
an extremely thin transmuted layer is formed on the surface after the mirror plane 
processing and the layer is changed associated with the passage of time, causing the 
deterioration of the surface properties. Further, as a result of the repetition of various tests, 
the inventors for the present application have discovered that when the titanium material, 
after mirror plane processing, is heated, the transmuted layer is changed, resulting in the 
generation of a heating related by-product, which is easily removable. When a heating 
related by-product is removed by finish polishing, an excellent mirror plane can be 
obtained; and it is difficult for a transmuted layer to be formed on the surface after the 
removal of the heating related by-product, and an aging effect does not substantially occur 



Japanese Laid-Open Patent Application Hei 4 - 41656 

in the mirror plane state. The present invention has been achieved based upon this 
knowledge. 

More specifically, the polishing method for a mirror plane of a titanium material relating to 
the present invention is characterized by the fact that heating is performed on a titanium 
material. Next, finish polishing is performed on the titanium material and its surface is 
finished to be a mirror plane, preventing the deterioration of the surface properties due to an 
aging effect after the mirror plane is polished. Further, general finish polishing can be 
performed after the heating, so that there will be no difficulty associated with the mirror 
plane processing. 

In this instance, in the case that the surface properties of the titanium material before 
heating is expressed with the maximum roughness Rn, a x, it is desirable that it be 0.5 jam or 
less. If the Rn, a x is greater than 0.5 um, it becomes difficult to obtain a mirror plane only by 
finish polishing. 

The heating has the effect of changing the transmuted layer on the surface to an easily 
removable heating related by-product, and it is desirable that this treatment be performed at 
300 °C or higher and at 800 °C or lower, and for 1 0 minutes or longer. If the temperature is 
lower than 300 °C or the period for the heating is shorter than 10 minutes, it becomes 
difficult to sufficiently change the transmuted layer on the surface to a heating related by- 
product, and an aging effect on the surface may occur again after the finish polishing. 
Further, if the temperature is higher than 800 °C, the surface roughness becomes greater 
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due to surface oxidization, and it becomes difficult to obtain an excellent mirror plane by 
finish polishing in the next process. Then, there is no restriction to the period for the 
heating as long as it is for 10 minutes or longer. However, even though the period becomes 
longer, the effect of changing the transmuted layer on the surface becomes saturated, so it is 
more preferable to be 10 hours or shorter from an economical viewpoint. 

Finish polishing after heating has the effect of removing the heating related by-products 
and to make the surface of the titanium material become superior. For such finish polishing, 
a mechanical polishing with fine (for example, the average particle diameter is 1 urn or 
smaller) abrasive grains or an electrolysis abrasive grain polishing can be adopted. As the 
abrasive grain, this is not particularly limited as long as it is normally used as an abrasive 
grain, and AI2O3, SiC and T1O2 generally are preferable. If this period for the finish 
polishing is shorter than 5 minutes, the heating related by-product may not be sufficiently 
removed, and it becomes difficult to obtain excellent surface properties. Consequently, it is 
desirable that the period for the finish polishing be 5 minutes or longer. On this occasion, 
there is no restriction to the period for the finish polishing as long as it is 5 minutes or 
longer. However, even though the period becomes longer, the effect of improving the 
surface properties will become saturated, so it is desirable that it shall be 180 minutes or 
shorter from an economical aspect. 

Heating may be performed in the atmospheric air. However, it is more desirable to be 
performed at a high vacuum of 1 0' 3 Torr or lower, or in an inert gas atmosphere. In the 
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case that the degree of vacuum is lower than that mentioned above or in the case that it is 
not in an inert gas atmosphere, the surface of the titanium material may be influenced by 
the atmosphere on the occasion of the application of heating, and oxidization or nitriding 
may occur on the surface. However, if the heating is performed at a high vacuum of 1 0~ 3 
Torr or lower, or in an inert gas atmosphere, the surface will not be influenced by the 
atmosphere. Consequently, it becomes possible to extend the acceptable limits of the 
conditions for the heating and to reduce the period for finish polishing. 

If the heating is performed at a the high vacuum at 10" 3 Torr or lower, or in an inert gas 
atmosphere, it is desirable that the temperature when applying heating be 300 °C or higher 
and the period for the heating should be 1 0 minutes or longer. On this occasion, there is no 
restriction to the temperature for the heating as long as it is 300 °C or higher. However, if 
it is higher than 1 200 °C, the surface becomes a two-phase state associated with a liquid 
phase, and a change in configuration may occur. Therefore, it is more desirable that the 
temperature be 1200 °C or lower. From the standpoint of economics, 1000 °C or lower is 
further desirable. When the heating temperature is lower than 300 °C, or, when the period 
for the heating is shorter than 10 minutes, it becomes difficult to sufficiently change the 
transmuted layer on the surface into a heating related by-product, and an aging effect may 
occur again after finish polishing. Further, in this case, it is also more desirable that the 
period for the heating be 10 hours or shorter from an economic standpoint, similar to the 
reason cited above. In addition, in this case, it is desirable that the period for finish 
polishing be 3 minutes or longer. If the period for finish polishing is shorter than 3 
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minutes, the heating related by-product may not be sufficiently removed. In this instance, 
there is no restriction to the period for finish polishing as long as it is 3 minutes or longer. 
However, even though the period becomes longer, the effect to improve the surface 
properties will be saturated, so it is more desirable that the period be 180 minutes or shorter 
from an economical standpoint 

[Embodiment] 

Embodiments of the present invention are explained hereafter. 
Embodiment 1 



Commercial grade #2 cold-rolled pure titanium plates, which have a surface area of 100 
square mm and 1 mm of thickness, are consecutively polished by grindstones with grit No. 
#400, #800, #1500 and #4000, respectively, and the surface is processed until its surface 
properties R max become 0.1 um when [the maximum roughness] is expressed with Rmax- 
Subsequently, heating is performed within the range of 200 °C through 900 °C for 60 
minutes or for 15 minutes in the atmosphere. In addition, finish polishing is performed for 
10 minutes. In this instance, the finish polishing is performed using AI2O3 abrasive grains 
that have an average particle diameter of 1 um or less. Then, the surface properties (R^x) 
is examined immediately after polishing and after the passage of 48 hours after polishing. 
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Conditions for the heating, the conditions for the finish polishing and the test results on this 
occasion are shown in Table 1 . 

Further, Fig. 1 shows the summary of the results shown in Table 1 using the relationship 
between the heating temperature and the surface properties after the passage of 48 hours. 
As it is obvious from Table 1 and Fig. 1 , when the period for the heating is either 60 
minutes or 1 5 minutes, in the case that the heating temperature is within the range of 
300 °C through 800 °C, it is confirmed that no aging effect occurs to the surface properties 
after polishing, and a mirror plane with an excellent surface properties can be obtained even 
after the passage of 48 hours after polishing. 

Embodiment 2 

Similar to Embodiment 1, the surface of the commercial grade #2 cold-rolled pure titanium 
plates, which have a surface area of 1 00 square mm and 1 mm of thickness, is processed 
until the R m ax becomes 0.1 um, respectively. Subsequently, heating is performed at 600 °C 
in the atmospheric air within the range of 5 minutes through 20 minutes. In addition,, as 
with Embodiment 1 , finish polishing is performed for 1 0 minutes. Then, the surface 
properties (Rmax) are examined immediately after polishing and after the passage of 48 
hours after polishing. The conditions for heating and finish polishing and the related test 
results are shown in Table 2. 
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As shown in Table 2, if the penod for heating is 10 minutes or longer, it is confirmed that 
no aging effect occurs to the surface properties after polishing, and that a mirror plane with 
an excellent surface properties can be obtained even after the passage of 48 hours after 
polishing. 
Embodiment 3 

Similar to Embodiment 1, the surface of commercial grade #2 cold-rolled pure titanium 
plates which have a surface area of 1 00 square mm and 1 mm of thickness, is processed 
until the R roax becomes 0.1 um, respectively. Subsequently, heating is performed at 600 °C 
in the atmospheric air for 60 minutes, and similar to Embodiment 1, finish polishing is 
performed within the range of 3 minutes through 7 minutes. Then, the surface properties 
(Rmax) are examined immediately after polishing and 48 hours after polishing. The 
conditions for heating, finish polishing and the test results on this occasion are shown in 
Table 3. 

As shown in Table 3, in the case that the period for the finish polishing is 5 minutes or 
longer, it is confirmed that the no aging effect occurs to the surface properties after 
polishing, and that a mirror plane with an excellent surface properties can be obtained even 
after the passage of 48 hours after polishing. 
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Embodiment 4 

Commercial grade #2 cold-rolled pure titanium plates, which have a surface area of 100 
square mm and 1 mm of thickness, are consecutively polished by grindstones with a final 
grit of #400, #800, and #1 500, respectively, and the surface is processed until the R™* 
becomes within the range of 0.3 urn through 0.7 urn, respectively. Subsequently, heating is 
performed at 600 °C in the atmosphere for 60 minutes. As with Embodiment 1 , finish 
polishing is performed for 10 minutes. Then, the surface properties (R m ax) are examined 
immediately after polishing and after the passage of 48 hours after polishing. The 
conditions for the heating, finish polishing and the test results on this occasion are shown in 
Table 4. 

As shown in Table 4, it is been confirmed that in the case that the surface properties Rmax 
before the heating is 0.5 urn or lower, excellent surface properties can be obtained after 
finish polishing. 

Embodiment 5 

Similar to Embodiment 1, the surface of the commercial grade #2 cold-rolled pure titanium 
plates, which have a surface area of 100 square mm and 1 mm of thickness, is processed 
until the R max becomes 0.1 urn, respectively. Subsequently, heating is performed within the 
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range of 200 °C through 1000 °C in the vacuum at 10" 3 Torr for 60 minutes. In addition, 
similar to Embodiment 1 , finish polishing is performed for 1 0 minutes. Further, finish 
polishing is similarly performed to those where heating has been performed within the 
range of 600 °C through 900 °C in Ar gas atmosphere for 60 minutes. Then, the surface 
properties (Rm ax ) are examined immediately after polishing and after the passage of 48 
hours after polishing. The conditions for the heating, finish polishing and the test results on 
this occasion are shown in Table 5. 

Further, Fig. 2 shows the summary of the results shown in Table 5 using the relationship 
between the heating temperature and the surface properties after the passage of 48 hours. 
As shown in Table 5 and Fig. 2, in any atmosphere for heating, as long as the temperature 
for the heating is 300 °C or higher, it is confirmed that no aging occurs of the surface 
properties after polishing, and that a mirror plane with excellent surface properties can also 
be obtained even after the passage of 48 hours after polishing. 

Embodiment 6 

Similar to Embodiment 1, the surface of the commercial grade #2 cold-rolled pure titanium 
plates, which have a surface area of 1 00 square mm and 1 mm of thickness, is processed 
until Rmax becomes 0.1 urn, respectively. Subsequently, heating is performed at 600 °C in 
the vacuum at 10* 3 Torr within the range of 5 minutes through 20 minutes. In addition, 
similar to Embodiment 1 , finish polishing is performed for 1 0 minutes. Then, the surface 
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properties (Rmax) are examined immediately after polishing and after the passage of 48 
hours after polishing. The conditions for heating, finish polishing and the test results on 
this occasion are shown in Table 6. 

As shown in Table 2 )(sic), if the period for heating is 10 minutes or longer even in a 
vacuum, it is confirmed that no aging effect occurs of the surface properties after polishing, 
and that a mirror plane with excellent surface properties can be obtained even after the 
passage of 48 hours after polishing. 
Embodiment 7 

Similar to Embodiment 1, the surface of the commercial grade #2 cold-rolled pure titanium 
plates, which have a surface area of 1 00 square mm and 1 mm of thickness, is processed 
until the R max becomes 0. 1 urn, respectively. Subsequently, heating is performed at 600 °C 
in the vacuum at 10" 3 Torr for 60 minutes, and similar to Embodiment 1, finish polishing is 
performed within the range of 1 minute through 7 minutes. Then, the surface properties 
(Rmax) are examined immediately after polishing and after the passage of 48 hours after 
polishing. The conditions for the heating, finish polishing and the test results on this 
occasion are shown in Table 7. 

As shown in Table 3 (sic), in the case that the period for the finish polishing is 3 minutes or 
longer, it is confirmed that no aging effect occurs of the surface properties after polishing, 
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and that a mirror plane with an excellent surface properties can be obtained even after the 
passage of 48 hours after polishing. 

Embodiment 8 

Commercial grade #2 cold-rolled pure titanium plates, which have a surface area of 100 
square mm and 1 mm of thickness, are consecutively polished by grindstones with final grit 
#400, #800, and #1 500, respectively, and the surface is processed until the R^a* becomes 
within the range of 0.3 urn through 0.7 um, respectively. Subsequently, heating is 
performed at 600 °C in vacuum at 10" 3 Torr for 60 minutes, and similar to Embodiment 1 , 
finish polishing is performed for 1 0 minutes. Then, the surface properties (R max ) are 
examined immediately after polishing and after the passage of 48 hours after polishing. 
Conditions for the heating, finish polishing and the test results on this occasion are shown 
in Table 8. 

As shown in Table 8, it is confirmed that in the case that the surface properties Rmax before 
the heating is 0.5 um or lower, an excellent surface properties can be obtained after the 
finish polishing. 

Conventional example 
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Similar to Embodiment 1, the surface of the commercial grade #2 cold-rolled pure titanium 
plate, which has a surface area of 100 square mm and 1 mm of thickness, is processed until 
Rmax becomes 0.1 urn. Subsequently, similar to Embodiment 1, finish polishing is 
performed for 1 0 minutes. Then, the surface properties (Rn, a x) are examined immediately 
after polishing and after the passage of 48 hours after polishing. As a result, it is confirmed 
that the surface properties R^x immediately after polishing is 0.6 \xm and no sufficient 
mirror plane can be obtained. Further, after the passage of 48 hours, the surface properties 
R,n ax is additionally deteriorated to 0.2 urn due to an aging effect. 

Furthermore, in the above-mentioned embodiments, cases where pure titanium is polished 
to be a mirror plane have been explained. However, the present invention is not limited to 
these embodiments, and it is adoptable to titanium alloy, such as Ti - 5A1 - 2.5Sn, Ti - 6A1 
- 4V or Ti - 1 5 V - 3 Al - 3Sn - 3Cr. Further, the polishing method is also not limited to 
the abrasive stone polishing method, and the electrolysis abrasive grain polishing may also 
be adopted. 



Table 1 



Condition for heating 


Period for 


Surface properties R r 


nax (um) 


Temperature 

c°c) 


Period 
(min.) 


Atmosphere 


fmish 
polishing 
(min.) 


Before 
heating 


Immediately 
after 
polishing 


After time 
passage of 48 
hours after 
polishing 


200 


60 


Atmospheric 
air 


10 


0.10 


0.02 


0.10 


300 


60 


Atmospheric 
air 


10 


0.10 


0.02 


0.02 


400 


60 


Atmospheric 
air 


10 


0.10 


0.02 


0.02 
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500 


60 


Atmospheric 
air 


i n 


n i n 


ft (M 

u.uz 


U.UZ 


f f\ f\ 

600 


60 


Atmospheric 
air 


1U 


U. 1U 


u.uz 


n ft7 

U.UZ 


700 


60 


Atmospheric 
air 


10 


0.10 


0.02 


0.02 


800 


60 


Atmospheric 
air 


1U 


O.lU 


U.UZ 


U.UZ 


900 


60 


Atmospheric 
air 


10 


0.10 


0.35 


0.35 


200 


15 


Atmospheric 
air 


10 


0.10 


0.02 


0.10 


300 


15 


Atmospheric 
air 


10 


0.10 


0.02 


0.02 


500 


15 


Atmospheric 
air 


10 


0.10 


0.02 


0.02 


800 


15 


Atmospheric 
air 


10 


0.10 


0.02 


0.02 


900 


15 


Atmospheric 
air 


10 


0.10 


0.33 


0.33 
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Table 2 



Condition for heating 


Period for 


Surface properties R r 


nax (urn) 


Temperature 

CO 


Period 
(min.) 


Atmosphere 


finish 
polishing 
(min.) 


Before 
heating 


Immediately 
after 
polishing 


After time 
passage of 48 
hours after 
polishing 


600 


20 


Atmosphere 
air 


10 


0.10 


0.02 


0.02 


600 


10 


Atmosphere 
air 


10 


0.10 


0.02 


0.02 


600 


5 


Atmosphere 
air 


10 


0.10 


0.02 


0.10 



Table 3 



Condition for heating 


Period for 


Surface properties R r 


nax (Um) 


Temperature 
(°C) 


Period 
(min.) 


Atmosphere 


finish 
polishing 
(min.) 


Before 
heating 


Immediately 
after 
polishing 


After time 
passage of 48 
hours after 
polishing 


600 


60 


Atmosphere 
air 


7 


0.10 


0.02 


0.02 


600 


60 


Atmosphere 
air 


5 


0.10 


0.02 


0.02 


600 


60 


Atmosphere 
air 


3 


0.10 


0.20 


0.20 



Table 4 



Condition for heating 


Period for 


Surface properties R, 


nax (urn) 


Temperature 

CO 


Period 
(min.) 


Atmosphere 


finish 
polishing 
(min.) 


Before 
heating 


Immediately 
after 
polishing 


After time 
passage of 48 
hours after 
polishing 


600 


60 


Atmosphere 
air 


10 


0.30 


0.02 


0.02 


600 


60 


Atmosphere 
air 


10 


0.50 


0.02 


0.02 


600 


60 


Atmosphere 
air 


10 


0.70 


0.20 


0.20 
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Table 5 



Condition for hearing 


PrrioH for 


Surface properties R r 


nax (um) 


Temperature 

(°C) 


Penod 
(min.) 


Atmosphere 


finish 
polishing 
(min.) 


Before 
heating 


Immediately 
after 
nolishini? 


After time 
passage oi 
hours after 
polishing 




£ft 


1ft* 3 TVirr 

1U 1 On 


10 


U. 1 u 


ft n? 


0.10 


_>UU 


ou 


1 ft" 3 T^IT 

iu i orr 


10 


ft i ft 

U,1U 


ft ft? 


0 0? 


J.ftft 


6fl 

\J\J 


1 0" 3 Tnrr 


10 


0 1 0 


0 02 


0.02 


500 


60 


10" 3 Torr 


10 


0.10 


0.02 


0.02 


600 


60 


10 3 Torr 


10 


0.10 


0.02 


0.02 


700 


60 


10 3 Torr 


10 


0.10 


0.02 


0.02 


800 


60 


10' 3 Torr 


10 


0.10 


0.02 


0.02 


900 


60 


10 _3 Ton 


10 


0.10 


0.02 


0.35 


1000 


60 


10" 3 Torr 


10 


0.10 


0.02 


0.10 


600 


60 


Ar gas 


10 


0.10 


0.02 


0.02 


900 


60 


Ar gas 


10 


0.10 


0.02 


0.02 



Table 6 



Condition for heating 


Period for 


Surface properties R r 


nax (um) 


Temperature 

(°C) 


Period 
(min.) 


Atmosphere 


finish 
polishing 
(min.) 


Before 
heating 


Immediately 
after 
polishing 


After time 
passage of 48 
hours after 
polishing 


600 


20 


10' 3 Torr 


10 


0.10 


0.02 


0.02 


600 


10 


10" 3 Torr 


10 


0.10 


0.02 


0.02 


600 


5 


10' 3 Ton- 


10 


0.10 


0.02 


0.10 



-21 - 



• 

Japanese Laid-Open Patent Application Hei 4 - 41656 



Table 7 



Condition for heating 


Period for 


Surface properties R r 


na x (um) 


Temperature 


Period 
(min.) 


Atmosphere 


finish 
polishing 
(min.) 


Before 
heating 


Immediately 
after 
polishing 


After time 
passage of 48 
hours after 
polishing 


600 


60 


10 3 Torr 


7 


0.10 


0.02 


0.02 


600 


60 


10' 3 Ton 


5 


0.10 


0.02 


0.02 


600 


60 


10~ 3 Torr 


3 


0.10 


0.02 


0.02 


600 


60 


10' 3 Ton- 


1 


0.10 


0.10 


0.10 



Table 8 



Condition for hearing 


Period for 


Surface properties R r 


nax (urn) 


Temperature 
<°C) 


Period 
(min.) 


Atmosphere 


finish 
polishing 
(min.) 


Before 
heating 


Immediately 
after 
polishing 


After time 
passage of 48 
hours after 
polishing 


600 


60 


10 3 Torr 


10 


0.30 


0.02 


0.02 


600 


60 


10" 3 Ton 


10 


0.50 


0.02 


0.02 


600 


60 


10" 3 Ton- 


10 


0.70 


0.20 


0.20 



[Efficacy of the Invention] 

According to the present invention, a titanium material, which is a material that is 
difficult to be processed, can be polished to a mirror plane without experiencing any 
difficulty; in addition, an aging effect to the mirror plane state can be prevented. 
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4. Brief Explanation of Drawings: 

Fig. 1 is a chart that shows the relationship between the temperature for heating in the case 
of performing heating in the atmosphere and the surface properties after the passage of 48 
hours after polishing; Fig. 2 is a chart that shows the relationship between the temperature 
for the heating in the case that the heating is performed in a vacuum and the surface 
properties after the passage of 48 hours after polishing; and Fig. 3 are metal structure 
pictures that show the surface conditions of the titanium material immediately after 
polishing and after the passage of 48 hours after polishing, in the case of using the 
conventional polishing method for a mirror plane. 

Agent for Applicant: Patent agent: Takehiko SUZUE 
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FIG. 2 
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FIG. 3 
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Continuation from the 1 st page: 

(51) Int. CI. 5 Class. No. Internal No. 

C 22 F 1/02 8015 -4K 

C 22 F 3/26 7037 - 4K 
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Amendment 



September 12, 1990 



To: Commissioner of the Patent Office Mr. Satoshi UEMATSU 

1 . Case identification; 

Japanese Patent Application Hei 2 - 148484 

2. Title of the invention: 

POLISHING METHOD FOR MIRROR PLANE OF TITANIUM 
MATERIAL 

3. Person(s) who amends: 

Relationship with the case: Patent applicant 
(412) NKK Corporation 



Agent: 

7-2, Kasumigaseki 3-chome, Chiyoda-ku, Tokyo 100 
Telephone: 03 (502) 3181 (key number) 

(5847) Patent agent: Takehiko SUZUE 



Seal of 
Patent Agent: 
Takehiko SUZUE 



Voluntary amendment: 



6. 



7. 



Subject for amendment: 
Specification 



'Patent Offices 

Sep. 12. 1990 

Received 
Application 
Section 



Details of amendment: 
(1) Correct 'grit No.' on the 6 th line of the 9 th page, the 13 th line of the 1 1 th page and the 
15 th line of the 14 th page in the [Japanese original] specification to 'y earn count 
[sic.], 1 respectively. 
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(2) Correct 'at at' on the 9 th line of the 12 th page in the [Japanese original] specification 
to 'at'. 

(3) Correct Table 3' on the 9 th line of the 14 th page in the [Japanese original] 
specification to 'Table 7\ 
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